Linked statistics from hospital records and death certificates were used to study the incidence of and mortality from motor neuron disease in a defined English population. The incidence of motor neuron disease, measured as firstadmission rates for the disease, was studied from 1963 to 1985 and death certificates for the patients admitted to hospital were obtained to the end of 1990. The average annual first-admission rate for motor neuron disease was 2-1/100 000 men (95% confidence interval (CI) 1 9 to 2.4) and 17/100 000 women (95% CI 1.5 to 1.9). First-admission rates increased with age and peaked in the age range 65-84 years. Motor neuron disease was recorded on the death certificate for 86% of patients who died while they had the disease and there was no appreciable change over time in the recording of motor neuron disease as the underlying cause of death. The admission and mortality data derive from different sources, hospital statistical abstracts and death certificates respectively, but trends over time in the two data sets were similar. There was an increase in mortality during the period covered by the study, as there has been in mortality from motor neuron disease nationally, and the increase in mortality in the Oxford region was accompanied by an increase in first-admission rates. It is concluded that the increase in mortality from motor neuron disease probably occurred as a result of an increase in the diagnosed incidence of the disease rather than changes in death certification practice.
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Methods

STUDY POPULATION
The ORLS is a systematic collection of abstracts of records of all hospital admissions and deaths organised in such a way that data relating to the same subject can be linked. From 1963-5 data collection was undertaken in one part of the Oxfordshire health district (population 350 000). In 1966 it expanded to cover the whole of two health districts, Oxfordshire and West Berkshire (population 850 000), and from 1975 data collection covered six of the eight districts of the Oxford Regional Health Authority (population 19 million). Data were recorded on all patients admitted to hospital in the area covered by record linkage, but not on patients who were resident in the area and admitted to hospitals outside it. Death certificates were available for all residents of the area regardless of place of death. We identified abstracts of hospital admissions from 1963 Incidence was measured as each subject's first recorded hospital admission for motor neuron disease (that is, incidence of admission to hospital). The first-admission rate was calculated taking those with motor neuron disease resident and treated in the study area as the numerator and the resident population of the area as the denominator. Population based mortality rates were calculated from data on death certificates for all deaths in subjects resident at the time of death in the study area for whom motor neuron disease was mentioned at any position on the death certificate.
Prevalence was calculated by identifying records for patients with a hospital admission for motor neuron disease before 31 December 1985 who were alive on that day.
Trends in annual first-admission and mortality were calculated for the six districts covered by the ORLS between 1975 and 1985 and for the two districts covered from 1963 to 1985. All rates are based on the annual estimates of the population as it was at the appropriate times for the areas covered by the ORLS, derived from figures published by the Office of Population Censuses and Surveys (OPCS) from the national censuses. In comparing trends over time, the annual first-admission and mortality rates have been age-standardised by the direct method using the 1981 population estimates as the standard population. The statistical significance of trends was tested by calculating X2 values for trend on the age-standardised rates. This was calculated using the data for each individual calendar year although, for brevity, the years are grouped in the tables. DISTRICTS, 1975-85 In the six districts covered by data collection from 1975 to 1985, 434 residents were admitted to hospital with a diagnosis of definite or probable motor neuron disease (241 men and 193 women). In the same 11 year period, 460 residents died with motor neuron disease mentioned in some position on their death certificate (258 men and 202 women).
Results
AGE-SEX SPECIFIC RATES, RESIDENTS OF SIX
One hundred and forty-three (33%) of the 434 patients with motor neuron disease admitted to hospital from 1975 to 1985 had an EMG examination in the Oxford Regional Health Authority area which supported the diagnosis. Eighty-three (58%) of the 143 of these EMGs took place while the patient was in hospital at the time when motor neuron disease was diagnosed and 111 (78%) took place either during this hospital episode or in the 35 days before or after it. In other words, the first clinical diagnosis and its confirmation by investigation were generally close together in time.
First-admission rates and mortality were higher in men than women and increased markedly with age in both sexes (table 1) . The highest age-specific rates were at ages 65-74 and 75-84 years. The average annual first-admission rate for motor neuron disease for people aged 25 and over, using the population of each sex aged 25 and over as the denominator, was 3-6/100 000 men and 2-7/100 000 women. The average annual mortality per 100 000 population for those 25 years of age and over was 3 8 for men and 2 8 for women. Taking the all-ages population as the denominator, the average annual firstadmission rate per 100 000 people of all ages Table 1 Average annualfirst-admission rates and mortality for motor neuron disease per 100 000 population in each age-sex group in six districts, 1975-85 (and numbers in the 11 year period on which the rates are based):residents of the six districts only alive in the 19 million population. This gave prevalences -of 5-4/100 000 men (95% confidence interval (CI) 4-0 to 6 8) and 2-5/100 000 women (95% CI 1-6 to 3-4).
These are consistent with what would be expected from the incidence and mortality in table 1, which are themselves similar, and from the slightly longer survival times in some men than women.
Discussion First-admission rates and mortality for motor neuron disease increased with age for both sexes, with a peak in the seventh decade of life and a decrease in the very old. This decrease may be an artefact because the symptoms of motor neuron disease may not be so easily diagnosed in those in their eighties and nineties and, when it does occur, the very old are more likely to die from complications, such as pneumonia, before they are fully investigated for motor neuron disease. The average annual first-admission rates, annual mortality, and point prevalences were similar for the all-ages data, though these relations varied a little within the age-specific rates because of longer survival times in the young than the old. The true prevalence of motor neuron disease could be considered by including the time from the first symptom likely to have been due to motor neuron disease to a definite diagnosis, as well as the time from diagnosis to death. A subsequent paper will discuss the time interval between the first symptom remembered by the patient, and quoted on the patient's hospital records, and the diagnosis.
Siddique et al have shown that in familial mendelian dominant motor neuron disease the gene responsible in older people is linked to chromosome 21.9 A different gene, perhaps linked to chromosome 2, may cause familial motor neuron disease in some young people. It has been stated that motor neuron disease occurs in two or more members of a family in about 10% of all patients. In our study there were only three families found with two or more members affected. We believe that familial motor neuron disease was underascertained due to inadequate recording of family history in the patient's records.
There was an increase in mortality for motor neuron disease nationally and in the Oxford region between 1963 and 1985. The first-admission rates for motor neuron disease, though best available estimates, undoubtedly slightly underestimate the incidence of motor neuron disease. This is because some people will have been admitted before the time period covered by the study, outside the area covered by it, or, as discussed earlier, may have had an admission without motor neuron disease on the hospital record abstract. We do not know whether there have been changes over time in the percentage of patients with motor neuron disease who were missed in these ways, but the general similarity in trends, comparing the first-admission rates and mortality, suggest that any such change is probably not large. The increase in first-admission rates and mortality over time occurred in all age groups but particularly in older age groups. Neilson et al have suggested that the increase in mortality from motor neuron disease might be due to the increased survival of a cohort of people liable to develop motor neuron disease who would previously have died of other competing disorders.10 This is a difficult hypothesis to test but it is not likely to have caused the increase in mortality from motor neuron disease across several age groups in such a relatively short period of time. Indeed, the fact that the increase, though most marked in the elderly, has been seen across a wide age range, both in the Oxford data and in English national mortality statistics, is more indicative of a period than a cohort effect. It has been suggested that the increase in mortality from motor neuron disease may be due to improved neurological services and, in the USA but not in England and Wales, to the increase that has occurred in the number of neurologists.5 This is not likely to be the cause of the increase in the Oxford region as the region has had an excellent neurological service, with only a small increase in the number of neurologists, since the start of the ORLS. The possibility remains that increasing awareness of the disease among general practitioners and general physicians might have led to increased referral and more accurate diagnosis.
Although our data are linked, the sources of our data on the first-admission rates and mortality are different. The former derive from routine abstracts of hospital admission records whereas the latter are from death certificates. Thus case ascertainment by us of incident cases was generally independent of, and therefore unbiased by, the trends in mortality. There were also no important changes over time in the extent to which motor neuron disease was recorded on the death certificates for people known to have had the disease. For these reasons we conclude that the increase in mortality, at least in the Oxford region, reflected an increase in the diagnosed incidence of motor neuron disease. Thomas Mann, 1947, Doctor Faustus But I mean these flagellates, the invisible tiny ones, the kind that have scourges, like on pale Venus, the spirochaeta pallida, that is the true sort....To be short, the meta-spirochaetose, that is the meningeal process, and I assure you, it is just as though certain of the little ones had a passion for the upper storey, a special preference for the head region, the meninges, the dura mater, the tentorium, and the pia, which protect the tender parenchyma inside and from the moment of the first general contagion swarmed passionately hither....You have there the spinal sac with the pulsating column of fluid therein, reaching to the cerebrum, to the meninges, in whose tissues the furtive venereal menigitis is at its soundless stealthy work....That might perhaps alarm me, the more because there was about the widened gaze a fixity-or shall I say it was a stare?-the nature of which I puzzled over until it occurred to me that it depended on the unvarying size of the not quite round, rather irregularly lengthened pupils, as though they remained unaffected by any alteration in the lighting. ...Only certes I should suffer the knives of pain therefore, even in the time, as the little sea-maid suffered them in her legs, which was my sister and sweet bride, and named Hyphialta. ...Reverence forbids me to describe Adrian's condition when he came to himself after the twelve hours' unconsciousness with which the paralytic stroke at the piano had plunged him. No, not to himself did he come; rather he found himself as a stranger, who was only the burnt-out husk of his personality, having at bottom nothing to do with him who had been called Adrian Leverkuhn. After all, the word "dementia", originally meant nothing else than the aberration from self, self-alienation. 
